Objective: To evaluate sex differences in patients with insulin-dependent diabetes mellitus (type 1 diabetes) by comparing the integrated parameters of metabolic control at the time of clinical diagnosis and 3 months after intensive insulin therapy in pre-pubertal, pubertal and post-pubertal patients. Design: A total of 331 consecutive patients with newly diagnosed type 1 diabetes were studied. The mean age of the group was 15 years (S.D. 8.1; range 5-23 years). Patients were stratified into three groups according to their age at disease onset: pre-pubertal (ages 5-9 years), pubertal (ages 10-18 years) and post-pubertal (ages 19-23 years). Methods: Glycated haemoglobin (HbA 1c ), insulin dose and both basal and glucagon-stimulated C-peptide were evaluated at diagnosis and after 3 months of insulin therapy. Results: We found that females diagnosed after puberty were those with the lowest basal C-peptide compared with males ðP ¼ 0:005Þ. No statistically significant differences were observed for other metabolic parameters. When the entire group was evaluated, females at the time of diagnosis showed significant lower body mass index ðP ¼ 0:001Þ, lower basal C-peptide ðP ¼ 0:021Þ and higher HbA 1c ðP ¼ 0:023Þ and required more insulin than males ðP , 0:001Þ. After 3 months of therapy, only a significantly greater dose of insulin was observed in females compared with males ðP ¼ 0:001Þ, with similar good metabolic control as assessed by HbA 1c . Conclusions: We conclude that the process of b-cell destruction at diagnosis may be more extensive in post-pubertal females than in males. Moreover, after the introduction of insulin therapy, females and males show similar metabolic parameters, although females still require significantly more insulin than males to achieve good metabolic control, 3 months after diagnosis.
Introduction
Insulin-dependent diabetes mellitus (type 1 diabetes) results from the destruction of b cells as a consequence of an autoimmune process in the pancreas (1) . The disease can occur in individuals of any age, but it is more frequent in pre-pubertal individuals and in adolescents (2) . Differences in clinical characteristics at diagnosis have been described for those patients who were diagnosed at a very young age (,9 years) compared with adult patients and in pre-pubertal, pubertal and postpubertal ages (3).
Sex differences in disease incidence have also been noted previously, with a slight preponderance of males over females in geographical regions of high incidence of type 1 diabetes, such as northern Europe and Sardinia (4), but no similar differences were reported for areas of low incidence (5) . The role of sex in the clinical presentation of the disease has not been fully explored.
The present report evaluates sex-based differences in metabolic parameters of patients with recent-onset type 1 diabetes in a population-based study carried out in Rome and its province since 1989. The network includes registration of new cases (Eurodiab ACE) (ages 0 -15 years) and participation in clinical trials (IMDIAB) (ages 5-35 years) aimed at protecting residual b-cell function (6, 7) . Previous reports have focused on agebased differences in clinical presentation of type 1 diabetes (2, 8, 9) , but data on sex-based effects on residual b-cell function and clinical presentation have not been reported. Such an evaluation may afford a better understanding of the disease process leading to type 1 diabetes. trials of the IMDIAB group and those who did not take part in such studies. All patients were consecutively diagnosed cases of type 1 diabetes registered in the Lazio region over the previous 10 years. Lazio is considered to be a region of low incidence of type 1 diabetes (8 in 100 000 ,15 years of age) and no significant sexrelated difference in disease incidence has been found over a period of 10 years of observation (10) .
At disease presentation, in addition to the collection of demographic data, a venous blood sample was taken for routine analysis including measurement of glycated haemoglobin A 1c (HbA 1c ). Metabolic results were obtained in local laboratories and no attempt was made to normalize results obtained from different locations.
Baseline and stimulated (1 mg i.v. glucagon) C-peptide secretion were evaluated soon after blood glucose concentrations had been normalized (usually within 1 week of diagnosis). The stimulated test was performed under fasting conditions in the morning, after blood glucose values had been checked and confirmed as ,10 mmol/l, which was the limit set for the test to be carried out. C-peptide was measured by radioimmunoassay, using a commercially available kit (BioRad). The normal range of fasting C-peptide established in 150 control individuals (71 females and 79 males aged 5 -40 years, median 18 years) with no family history of type 1 diabetes was 1.1 -2.9 ng/ml, with intra-and interassay coefficients of variation ranging from 10 to 14%.
Insulin therapy (three or four injections daily) was started as soon as possible after diagnosis to achieve normal metabolic control according to the same standard procedure used in our region since 1989 (6) and in view of the demonstration that intensive insulin therapy may prolong the remission phase (11) . The dose of insulin required to optimize metabolic control was monitored monthly up to 3 months after diagnosis. At that time, the glucagon test was repeated, as above. HbA 1c was also measured.
Means^s:d: were used to describe numerical variables. Differences between males and females with respect to demographic and metabolic variables were tested using independent-sample t-tests. Differences in the distribution of males and females across age and puberty categories were tested using x 2 analysis. Changes in the disease parameters over time were assessed with paired t-tests. All statistically significant findings for body mass index and C-peptide were adjusted for age as a covariate and confirmed with analysis of covariance.
Results Table 1 presents a comparison of males and females with respect to demographic and metabolic variables. Females were significantly younger ðP ¼ 0:014Þ and smaller ðP ¼ 0:001Þ than males. Females also required a greater initial dose of insulin ðP ¼ 0:001Þ, showed poorer glycaemic control (as measured by HbA 1c ; P ¼ 0:023), a lower basal C-peptide ðP ¼ 0:021Þ and a marginally lower stimulated C-peptide ðP ¼ 0:075Þ at diagnosis. After 3 months of therapy, both males and females showed a significant decline in insulin dose (both P # 0:001) and in HbA 1c (both P # 0:001); however, only the insulin dose continued to show a significant difference between males and females, with females requiring more insulin to achieve good metabolic control ðP ¼ 0:001Þ.
Puberty can influence the presentation of the disease, as documented in a previous paper (12) . Although a detailed pubertal staging was not available, in order to control for the effect of puberty patients were categorized into three groups based on their age at the time of diagnosis: pre-pubertal (less than 9 years old), pubertal (9 -18 years old) and post-pubertal (over 18 years of age). In view of what was mentioned above, the pubertal group might also have included also pre-pubertal and post-pubertal patients, although the number would be expected to be small. x 2 Analysis confirmed that there were no significant differences in the distribution of males and females across these three age categories. A separate independent-sample t-test comparing males and females was performed within each of these three age groups. Paired t-tests were used to test for change from diagnosis to 3 months separately for males and females. Tables 2-4 present the results of these analyses.
In the pre-pubertal group, there were no significant differences between males and females in basal C-peptide or stimulated C-peptide at the time of diagnosis and after 3 months of therapy (Table 2 ).
In the pubertal group, there were no significant differences between males and females in basal C-peptide or stimulated C-peptide (Table 3 ). The extent of residual b-cell function was similar in both groups at the time of diagnosis and after 3 months of treatment. Both females and males experienced, after 3 months of treatment, a significant increase in basal C-peptide (P ¼ 0:002 for males and females) and in stimulated C-peptide (P ¼ 0:046 for females, P ¼ 0:042 for males).
In the post-pubertal group, there was a statistically significant difference in the amount of b-cell destruction between males and females at the time of diagnosis (Table 4) . Females had lower concentrations of basal C-peptide ðP ¼ 0:005Þ and marginally lower concentrations of stimulated C-peptide that did not reach statistical significance ðP ¼ 0:094Þ compared with those in males. These sex differences disappeared after 3 months of treatment and there were no significant differences between males and females in either basal C-peptide ðP ¼ 0:153Þ or stimulated C-peptide ðP ¼ 0:853Þ after therapy began. Females experienced an increase in basal C-peptide after 3 months of therapy ðP ¼ 0:026Þ and a marginal increase in stimulated C-peptide ðP ¼ 0:086Þ. Males did not experience an increase in basal C-peptide ðP ¼ 0:228Þ, but did experience a significant increase in stimulated C-peptide ðP ¼ 0:038Þ.
Discussion
Our data provide evidence that the process of b-cell destruction leading to type 1 diabetes is more extensive in females than in males. The number of patients studied and the fact that they were unselected cases reinforce our findings. Furthermore data are convincing as the major three variables of metabolic control (C-peptide, dose of insulin and HbA 1c ) are interrelated and more insulin is needed when C-peptide secretion is lower, which explains why, at the time of diagnosis of diabetes, female patients required more insulin to achieve good disease control. The variation in C-peptide between the sexes disappeared 3 months after the introduction of insulin. This also explains why, in established well-controlled type 1 diabetes, no metabolic differences are detectable between females and males, although females still need slightly more insulin than males 3 months after diagnosis. In our study, the more extensive damage to b-cells observed in females was detected only when baseline, but not stimulated, C-peptide secretion was taken into account. It is not easy to explain such a finding; conceptually, baseline and stimulated C-peptide secretion may reflect different stages of b-cell destruction. Numerous studies have tried to clarify the significance of such secretion, which also may vary according to the stimulus used (e.g. glucagon or mixed meal). In our study, glucagon-stimulated C-peptide secretion was used and was similar between females and males at diagnosis.
Increased insulin resistance, which is known to be associated with puberty (13) and with a different age effect between females and males, would be able to explain our findings only partially. Because of the large variability in C-peptide values, differences between sexes in the pubertal groups were not apparent, although they might have been if the number of patients had been larger. The additional fact that, in the pre-pubertal age group (in which some females with early pubertal phenomena may have been included), there were no differences in C-peptide secretion between males and females rules out a major role for insulin resistance in explaining our findings. This concept is reinforced by the observation that post-pubertal females showed the greatest degree of b-cell destruction. However, we should also consider that females diagnosed in their early 20s tend to pay less attention than males to body weight loss associated with early disease. Often, losing weight is seen favourably by society, especially amongst females. Consequently, when these patients finally decide to go to their doctor, their metabolic decompensation is more advanced. Further research directed at clarifying the relationship between age, onset of puberty and time of diagnosis of diabetes is needed to enable a full understanding of the sex effect on b-cell destruction.
Our data indicate a greater degree of b-cell damage in females than in males with type 1 diabetes. A number of possibilities may be considered. One likely explanation of the more extensive destruction of b-cells in females could reside in a different genetic susceptibility between males and females. However, no differences in allele frequencies were reported between female and male diabetic patients from continental Italy with respect to HLA alleles or other genes linked to susceptibility (14) . Differences in antibody prevalence between female and male patients have also not been reported (15, 16) , but the possibility cannot be excluded that the T-cell response may progress faster and more aggressively in female diabetic patients. In the experimental model of the non-obese diabetic mouse, the prevalence of the disease is greater in females than males, the latter showing a similar degree of insulitis compared with female mice, but with less extensive destruction of bcells (17) .
In conclusion, we have shown in this study that adult females have a more extensive process of b-cell damage at diagnosis as assessed by C-peptide secretion. The implications of our findings may have relevance for early treatment of the disease and for trials aimed at preventing type 1 diabetes in susceptible individuals.
